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LANGLEY FT&L-SC"ALE -TUXNEL STABILITY AMD CGNTRO L TESTS 

OF TEE BELL YP-59A AIRPLANE 

B y  Gerald T .  Brewer 

Drag clean-up and s t a b i l i t y  i n v e s t i g a t i o n s  of t he  
B e l l  YP-59A j e t -p rope l l ed  a i rp l ane  have been conducted 
i n  the  Langley f u l l - s c a l e  t m n e l .  A t  p r e sen t ,  very 
l i t t l e  d a t a  a r e  a v a i l a b l e  pe r t a in ing  t o  the e f f e c t  of 
j e t s  on the  s t a b i l i t y  of' an a i r p l m e ,  Some t e s t s  were 
theL-efore made t o  i n v e s t i g a t e  i n  d e t a i l  t he  e f f e c t  of 
j e t s  on t h e  l o n g i t u d i n a l - s t a b i l i t y  c h a r a c t e r i s t i c s  o f  
t h i s  a i q l a n e  conf igura t ion .  The r e s u l t s  of t hese  
t e s t s  i n d i c a t e  t h a t  with the  f l a p s  r e t r a c t e d ,  approxi- 
mate ly  70  percent  o f  t he  change f n  l o n g i t u d i n a l  
s t a S i l i t y  due t o  r a t e d - t h r m t  ope ra t ion  i s  caused by 
the  t h r u s t  moxent o f  the  j e t .  inJith the f l a p s  
d e f l e c t e d  4 5 O ,  the t h r u s t  moinent c o n t r i b u t e s  abaut  
75 pe rcen t  or" the  I c n g i t i ~ d i n a l - s t a b i l i t y  change f o r  
l i f t  c o e f f i c i e n t s  up t o  about 0.65. A t  t he  h l g h e r  
l i f t  c o e f f f c i e n t s  t he re  i s  a l a r g e  inc rease  i n  the  
downwash angle  a t  the t a r 1  f o r  the  r a t e d  t h r u s t  f l a p -  
d e f l e c t e d  condi t ion  which r e s u l t s  I n  an anprec iab le  
i n c r e a s e  i n  the t o t a l  d e s t a b l i z i n g  moment. For t h i s  
cond i t ion  a t  l i f t  c o e f f i c i e n t s  g r e a t e r  than 0.65 the  
ckmge i n  s t a b i l i t y  due t o  t h e  t h r u s t  moment o f  the 
j e t  i s  on ly  about 21 percent .  The r e s u l t s  o f  tk_e t es t s  
a l s o  show t h a t  wi th  the except ion o f  two n e u t r a l l y  
s t a b l e  condi t ions  ( r a t s d - t h r u s t  low-speed f l i g h t ,  
f l a p s  down 45"and r a t e d - t h r u s t  high-speed f l i g h t ,  
f l a F s  n e u t r a l )  the a i rp lm-e  is  l o n g i t u d i n a l l y  s t a b l e ,  
stick f ixed ,  f o r  the design center -of -gravi ty  l o c a t i o n .  
The a i r p l a n e  w i l l  be l o n g i t u d i n a l l y  uns t ab le ,  s t i c k  
f r e e ,  f o r  r a t e d - t h r u s t  engine opera t ion  w i t h  f l a p s  
n e u t r a l  f n  the l i f t - c o e f f l c i e n t  range o f  0.35 t o  0.95 
and wi th  the f l a p s  d e f l e c t e d  45" a5ove a l i f t  coef-  
f i c i e n t  of G.S;  f o r  any o the r  combination of engine 
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opera t ion  an_d f l a p  d e f l e c t t o n  the  a i r p l a n e  should 
e x41Si t s t ab1 e e l e  va t o r  s t i  ck- Tor ce var i a t  ri ons w L t h  
speed. Although a s u f f i c i e n t  amount of d a t a  f o r  a 
7ornple';;e lateral stc,b:litg and c o n t r o l  a n a l y s i s  were 
not o%ta insd ,  t:ie t e s t s  rriadc a i t h  the  engines  inope ra t ive  
show t h a t  the alrpl .ane,  w i t h  the  landing  f l a p s  f u l l y  
de f l ec t ed ,  nay be l a t e r a l l y  imstab le  i n  f l i g h t  a t  l i f t  
coef f lc ie : i l t s  of aboat 0 . 8 .  Tie r o l l i n g  response o f  the 
a i r p l a e  due t o  5.111 aileron d e f l e c t i o n  is considered 
low for both  hi ,-;h-spsed and low-sFeed f l i g h t  condi t ions .  

A t  the reqfiest of  the Amy Air Forces ,  A i r  Technical 
Servfce Command, t e s t s  o f  -the Bell YP-59A :e t -propei led '  
a-irplaxe have been xade i n  -the Lar@e:T fu.11-scale 
tunnel t o  i n v e s t i g a t e  zeans t o  i nc rease  the speed o f  
t5e afrnlaiie and t o  ev+luake the  s t a b i l i t y  and c o n t r o l  
c k a r a c t e r f s t i c s .  T h i s  r e p o r t  g r e s e n t s  the t e . s t  I-esults 
of  the s t a % i l i t ; r  i n v e s t i g a t i o n  ana a b r i e f  a n a l y s i s  of 
the  s t a t i c  s t a b L l i t y  acd c o n t r o l  c h a r a c t e r i s t i c s  of the  
a i r p l a n e .  .!I C5.scussion r e l a t f r lg  t o  ' tke  e f f e c t s  of  the 
exhaxst j e t  on the sir f l o w  a t  the .tail and on the 
sLaabil9ty and.  c0i;t;rol o f  the a i rc lane 1i.s a l s o  presented.  
%e resul ts  o f  t e s t s  mace t o  d e t e m f n e  means o f  
i n e r e a s i n s  t h e  speed o f  t'?e s i ~ p l a n e  w i l l  Se given i n  
a separa te  r e p o r t .  

s t a b i l i t y  and con t ro l  c k a r a c t e r S s t i c s  o f  the a i r p l a n e ,  
forces and iiloxents on the air?lan.e m-cl e l e v a t o r  hinge 
monsnts were detemPned. for a l a r g e  i-arige o f  e l e v a t o r  
d.eflectLo9 and angle o f  a t t a c k  a t  s e v e r a l  engine- 
opera t ing  cond.it ions.  To o b t a i n  an  indicatFon of the 
l a t e r a l  stab2.litTT and con t ro l  c h a r a c t e r i s t i c s  o f  t he  
a i rp l ane ,  rudder -ef fec t iveness  t e s t s  were made o v e r  a 
n - , l l i p  r: - 
6O, 90,  and 10.60. n i l e r o n - e f f e c t i v e n e s s  t e s t s  were 
made over a range of acgle  of a t t a c k  yiith Lhe l and ing  
f l a p s  r e t r a c t e d  and f u l l y  d-eflected. and w i t h  the a i r -  
nlane a t  zero m.JpJ. Rlleron  hiiFj.;2e nornents were not  
oStalned s ince  the  balance of' the  t e s t  a i l e r o n s  was 
n o t  Teent ica l  t o  t h a t  of the l a t e s t  proc?u.ct,ion a i l e r o n s .  

31 orde r  t o  cieter:n.!ne the s t a t i c  1on:;itudinal 

of a3igle of a t t a c k  a t  angles  o f  yaw of 0 0 ,  3 O ,  
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AIRPLANE AnTD APPARATUS 

The B e L l  YP-59A a i r p l a n e ,  as t e s t e d  i n  the  Langley 
Fu l l - sca l e  tunnel ,  i s  shown mounted on the balance 
system i n  f i g u r e  1. k d e s c r i p t i o n  of t h i s  balance and 
the ope ra t ion  o f  the tiinnel a re  given i n  d e t a i l  i n  
re ference  1. The three-view drawing o f  f i g u r e  2 shows 
the  p r i n c i p a l  dimensions o f  the a i r p l a n e .  The a i r p l a n e  
was i n  the wheels - re t rac ted  condi t ion For a l l  the t e s t s ,  
s ince  the nose wheel and main l and ing  gear  were removed 
and relslaced b.7 the tunnel  sunport system. 

The Bell Y F 5 9 A  i s  a j e t -p rope l l ed  f i g h t e r  a i r p l a n e  
Dowered by two General E l e c t r i c  1-16 j e t -p ropu l s ion  
engines .  The engines a re  housed i n  underslung n a c e l l e s  
l o c a t e d  a t  the wing-fuselage junc tures .  The a i r  e n t e r s  
the  u n i t  f rom a l a rgg  opening a t  the  f r o n t  o f  the n a c e l l e ;  
t he  exhaust  passes  through a t a i l  pipe and nozzle  and 
i s  e j e c t e d  a t  the r e a r  of the  n a c e l l e  a t  the wing 
t r a i l i n g  edge. 
o f  developing about 1650 pounds of  s t a t i c  t h r u s t  a t  
s ea  l e v e l .  , 

prism d e f l e c t o r s  a t  the f i n  t r a i l i ng -edge ,  d e f l e c t o r  ‘ 
beads a t  the  rudder t r a i l i n g  edge, and i n t e r n a l l y  
s e a l e d  60-percent-balance a i l e rons .  Although the  
arrangament of the balance and s e a l  o f  the  a i l e r o n s  
t e s t e d  was n o t  i d e n t i c a l  t o  t h a t  o f  the l a t e s t  produc- 
t i o n  conf igura t ion ,  i t  was assumed t h a t  the a i l e r o n -  
c o n t r o l  c h a r a c t e r i s t i c s  of the t e s t  a i l e r o n s  would be 
s u b s t a n t i a l l y  the same a s  the  product ion type. 
photograph of  the v e n t r a l  f i n  i n s t a l l a t i o n  i s  given 
i n  f i g u r e  3 while the d e f l e c t o r  i n s t a l l a t i o n s  on the 
f i n  and rudder  a r e  shown by  sketches and a photograph 
i n  f i g u r e s  4 t o  6 .  
c o n t r o l  su r f aces ,  c r o s s - s e c t i o n a l  views of  the rudder,  
t he  e l e v a t o r ,  and the a i l e r o n  a r e  shown i n  f i g u r e  7. 
The r e l a t i o n  between the e l eva to r ,  a i l e r o n ,  and rudder 
d e f l e c t i o n s  with con t ro l  aovement f o r  t h i s  a i r p l a n e  i s  
given i n  f i g u r e  8. For  t h e  t e s t s ,  t he  a i l e r o n s ,  the  
e l e v a t o r ,  and the rudder were operated remotely by 
e l e c t r i c a l -  t’yps a c t u a t o r s  and the  con t ro l - su r f  ace 
d e f l e c t i o n s  were obtained by measuring the change i n  
r e s i s t a n c e  of s l i de -wl re  rheos t a t s .  E leva tor  and rudder 
hinge moments were obtained by the use o f  c a l i b r a t e d  

These p a r t i c u l a r  units a r e  each capable 

The t e s t  a i r p l a n e  was equipped with a v e n t r a l  f ig ,  

A 

In o r d e r  t o  give some d e t a i l  of the 

. 
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cantilever-beam e l e c t r i c a l  s t ra in-gage  u n i t s  i n s t a l l e d  
I n  the c o n t r o l  systems. 

The d e f i n i t i o n s  o f  the coe f f i c fe r i t s  and, symbols 
used 5.n th i s  r e n o r t  ai’e given a s  f o l l o w s :  

cD 

CY 

CL 

C Z  

Cm 

c rl 

“he 

‘hr 

Tc ’ 

P 

where 

x 

Y 

Z 

L 

M 

N 

drag  c o e f f i c i e n t  (X/qS) 

l a t e r a l - f o r c e  c o e f f t c i e n t  (Y/qS) 

l i f t  c o e f f i c i e n t  ( Z / q S )  

rolling-moment c o e f f i c i e n t  (L/qSb) 

p i  tching-mcment c o e f f i c i e n t  (N/qSc ) 

yawing-moment c o e f f i c j e n t  (N/qSb) 

e l e v a t o r  hinge-Foment c o e f f i c i e n t  (H,/qbeFe2) 

rudder hinge -moment c oe f f i c i e n t  

t h r u s t  c ‘oef f ic ien t  ( T / q 5 )  

(H,/qbrFp2 ) 

fo rce  along X a x i s ,  E o s i t i v e  when d i r e c t e d  
rearward 

force  along Y axis, p o s i t i v e  wh-en d i r e c t e d  

force  along Z a x i s ,  p o s i t i v e  when d i r e c t e d  

r o l l i n g  momeqt about the X a x i s ,  p o s i t i v e  

t o  t h e .  r i g h t  

upward 

w3en the momect tends t o  depress the  right 
wing 

p i t ch ing  moment about the Y a x i s ,  p o s i t i v e  
, when the  moment tends t o  depress the  t a i l  

yawing moment a’ljout the 
the  moment tends  t o  r e t a r d  the r i g h t  wing 

Z .  axis, p o s i t i v e  when 
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e l e v a t o r  hinze noment, p o s i t i v e  when t h e  moment 
tends t o  depress  the e l e v a t o r  t r a i l i n g  edge 

rudder  hinge moment, p o s i t i v e  when the moment 
tends  t o  move the t r a i l l n g  edge t o  the  l e f t  

He 

H r  

T t h r u s t ,  pounds ( f o r  two-engine o p e r a t i c n  xmless 
noted 1 

9 f ree-s t ream dynamic pressure , pounds pe r  
square f o o t  

P mass d e n s i t y  o f  a i r ,  s lugs pe r  cubic  f o o t  

v f ree-s t ream ve loc i ty ,  f e e t  pe r  second 

S t o t a l  wing a r e a  (385 sq ft) 

b wing span (45.5 f t  ) 

C wing mean chord (8.47 f t )  

M.A.C. mean aerodynamic chord (8.85 f t )  

be e l e v a t o r  span (16.75 f t )  

b r 

Ce root-mean-square e l e v a t o r  chord (1.32 f t )  

rudder span  (5.7’ f%+) 
- 
- 

root-mean-square rudder chord (1.39 f t )  

pbbV h e l i x  anglie 

P r o l l i n g  v e l o c i t y ;  radians p e r  second 

e l e v a t o r  s t i c k  fo rce ,  pounds Pe 
/ 

. Fr rudder  s t i c k  fo rce ,  pounds 

An change i n  normal a c c e l e r a t i o n  i n  g u n i t s  

a angle o f  a t t a c k  of the thrust a x i s ,  degrees  

$ angle o f  yaw, degrees;  p o s i t i v e  when the  nose of 
the a i r n l a n e  i s  t o  the r i g h t  
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c o n t r o l  surfa2e d e f l e c t i o n  r e l a t i v e  t o  t he  main 
f i x e d  su r face ,  degrees ;  p o s i t i v e  when the  
t r a f l < n g  edge i s  d i r e c t e d  downward o r  t o  the 
l e f t  

angle  of  incidence o f  s t a b i l i z e r ,  degrees ;  
73osittve-whsn the nose i s  up w i t h  r e spec t  
t o  t he  plane p a r a l l e l  wi th  the t h r u s t  axis 

i t  

Subscr ip ts  : 

e e l e v a t o r  

a a i l e r o n  

r rudder 

f wing f l a p  

T t a b  

L l e f t  

i ind  i c a t e  d 

t tail 

MEITODS AND TESTS 

In order  t o  ob ta in  d a t a  f o r  the de te rmina t ion  
of the l o n g i t u d i n a l - s t a b i l i t y  and c o n t r o l  c h a r a c t e r i s t i c s  
o f  the ai rnl-ane,  f o m e s  and moments on the  a i r p l a n e  and 
e l e v a t o r  hinge moments were determined f o r  a range o f  
e l e v a t o r  d e f l e c t i o n  and angle of a t t a c k .  These t e s t s  
were made with the a i l e r o n s  and rudd.er locked n e u t r a l  
and w i t h  the e l e v a t o r  t a b  n e u t r a l  and d e f l e c t e d  210°. 
The t e s t s  wi th  the e l e v a t o r  t a b  d e f l e c t e d  5100 were made 
on ly  a t  angles  o f  a t t a c k  of  0.lo and l 5 O .  
t e s t s  were made w i t h  the a i r p l a n e  a t  zero yaw f o r  
df f fe ren  t combinations of f l a p  d e f l s c t i o n  a-rld je t -engine 
operat ion.  Data were obta ined  wi th  the  engines  inop- 
e r a t i v e  and w i t h  the  engines  o q e r a t i n g  a t  t h r u s t  
condi t ions s imula t ing  s e a - l e v e l  f l i g h t  a t  high-speed, 
c ru i s ing ,  and i d l i n g  t h r u s t s .  

The e l e v a t o r  
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For t h e  t e s t s  w i t h  the  je t -propuls ion  units i n  opera- 
t i o n  a t t m n e l - t e s t i n g  technique was employed t h a t  nrovided 
s imula t lon  i n  the wind tunnel  of  t h e  f l i g h t  t h r u s t - l i f t  
r e l a t i o n s h i p .  The v a r i a t i o n  o f  t h r u s t  w i t h  a i r p l a n e  speed 
f o r  s e a - l e v e l  f l i g h t  w a s  obtained f r o m  d a t a  fu rn i shed  by 
the SupercheA-ger Engineer ing Divis ion,  General  E l e c t r i c  
Company, which g ive  the  est imated t h r u s t  performance o f  
these  1-16 j e t -p ronu l s ion  units over  a range or" a l t i t u d e  
and f l i g h t  speed. The t h r u s t s  developed i n  f l i g h t  a t  s8a 
l e v e l  by engine ope ra t ion  a.t r pmfs  of 16,500 ( m i l i t a r y  r a t e d ) ,  
13,000 ( c r u i s i n g ) ,  and 6000 ( i d l i n g )  were chosed and s h a l l  
be r e f e r r e d  t o  i n  t h i s  s e p o r t  a s  r a t e d ,  c r u i s i n g  and 
i d l i n g  t h r u s t  cond i t tons ,  r e s p e c t i v e l y .  The v a r i a t i o n  o f  
the  t h r u s t  c o e f f i c i e n t  w i t h  l i f t  c o e f f i c i e n t  for t hese  
t h r a e  o9erat.ii-q condi t ions  i s  p re sen ted  i n  f i g u r e  9 .  The 
engine-operet ing condi t ions  f o r *  t h e  t u n n e l  t e s t s  were 
determined by means o f  a s t a t i c - t h r u s t  c a l i b r a t i o n  which 
was made w i t h  t h e  a i r p l a n e  near z e r o  l i f t .  Fron th i s  
c a l i b r a t i o n  the r e l a t i o n  o f  the t h r u s t  develoDed by both  
engines over a range of engina speed was determined. S ince  
the  change i n  t h r u s t  due t o  tunnel  opera t ion  was found t o  
be vel-y smal l  f o r  t hese  s t a b i l i t y  i n v e s t i g a t i o n s ,  t he  
t h r u s t  c a l i b r a t i o n  f o r  the s t a t i c  cond i t ion  was used f o r  
a l l  t h e  ope ra t ing  cond i t ions  t e s t e d .  

For the determinat ion o f  t he  l a t e r a l - s t a b i l i t y  and 
c o n t r o l  c h a r a c t e r i s t i c s  of the a i r p l a n e  rudder  t e s t s  
were mede a t  angles of  yaw of O o ,  3 O ,  g b ,  9 O ,  and 10.6O 
f o r  8 range of angle of a t t eck  and for flap d e f l e c t i o n s  
of O o  and 45O. Inasmuch as cons iderable  e n g i n s - o p e r a t k g  
time had been consumed during the  l o n ~ i t u d i n a l - s t a b i l i t y  
inves  t f g a t i o n  and s i n c e  f u r t h e r  extended opera t fon  would 
r equf re  a mejor overhaul  o r  replacement of the  j o t  u n i t s ,  
most o f  the rudder -ef fec t iveness  t e s t s  were made with the 
j e t s  units i n o p e r a t i v e .  One t e s t  a t  e r c h  angle of yaw 
and a t  sn angle of a t t a c k  of 3.Cjo was made w i t h  t he  
engines  ope ra t ing  a t  a constant  r;m, s imula t ing  rEted  
t h r u s t  a t  zero y a w .  The rudder t e s t s  were msde w i t h  
t h e  rudder  t a b ,  t h e  a i l e r o n s ,  and t h e  e l e v a t o r  in the  
n e u t r a l  p o s i t i o n ,  The a i r p l e n e  w a s  yawed o n l y  t o  the  
r i g h t  for t h e s e  t c s t s  s i n c e  it was considered t h a t  the  
c h a r a c t e r i s t i c s  of the  a i rp l ene  would be s i m i l a r  f o r  
yaw i n  e i t h e r  d i r e c t i o r .  The range of yaw angles was 
the  meximum a t t a i n a b l e  by t h e  p a r t f c u l u r  s t r u t - s u p p o r t  
setu?.  Data were a l s o  obtained for the  determinat ion 
of the e f f ' t c t s  of s ingle-engine ope ra t ion  on the  
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1-a te ra l -cont ro l  c b a r a c t e r i s t i c s  of the air .olane by 
onarat ion o f  o n l v  tl?e l e f t  u n i t  over a range of t h r u s t  
condi t ions with the a!rnlare  a t  z e r o  yaw and a t  an angle  
o f  a t t a c k  o f  - 0 . 5 0 .  

Tn or2e r  t o  determine the e f f e c t i v e n e s s  o f  the t e s t  
a i l e r o n s ,  a i l e r o n - e f r e c t i v e n e s s  t e s t s  were made w i t h  
t h e  airplaiie a t  zero paw fo?  a range of angle of  a t t a c k  
and f o r  f l a p  d e f l e c t i o n s  o f  0' an6 4 5 O .  These a i l e r o n -  
e f r e c t i v e n e s s  t e s t s  were made f o r  d e f l e c t i o n s  of  t he  
l e f t  a i l e r o n  ail;,- and wi th  a l l  o%her c o n t r o l  s u r f a c e s  
locked i n  n e u t r a l .  ?lie jet-propl;.lsi.on u n i t s  were n o t  
i n  operatfon for these  t e s t s  s i n c e  the  gir flow o v e r  
the  r e g i o n  o f  the ai le ;*ons was considered unchanged by 
the exhaust j e t .  

Inasmuch a s  very l i t t l e  d a t a  a r e  a v a i l a b l e  w i t h  
regard t o  the  e f f e c t s  on the a t r  f l o w  a t  the t a i l  due 
t o  the exlizust j e t  of' a j e t -p ropu l s ion  system, a few 
t e s t s  were made w i t h  the empennage removed t o  provide 
a b a s i s  f o r  estin-!ating these  ci ' fects.  

%.e presentat!on of r e s u l t s  and elre accompanying 
d i scuss ion  r e l a t i n g  t o  the es t fmate6  s t a t i c  s t a b i l i t y  
and con t ro l  c h a r a c t s r i s t i c s  o f  the BellY?-5?h a i r p l a n e  
a r e  g5ven In t h ree  s e c t i o n s :  ( I )  l o n g i t u d i n a l  s t a b i l i t y  
and con t ro l ,  ( 2 )  a n a l y s i s  of exhaust  j e t  e f f e c t ,  and 
( 3 )  l a t e r a l  StabilitTT ap.d c o n t r o l .  

The r e s u l t s  of tl7.e t e s t s  a r e  giver: i n  terms of  the 
stqndarld XACA force and i7.omen.t c o e f f i c i e n t s .  %ne f o r c e s  
and. moments kave k:een r e f e r r e d  t o  the system o f  axes i n  
which the X a x i s  i s  the i n t e r s ? c t i o n  cf the nlane 
o f  sy;a-:ietry of the a i r n l a n e  with a plane Derpendicular 
t o  -the p l ane  of symmetry and p a r a l l e l  wi th  the  r e l a t i v e  
wind d i r e c t i o n ;  the Y a x i s  is ?erpendicular  t o  the 
plane o f  syimetry;  and the Z axis i s  i n  the  p?-ane o f  
s p n e t y y  and perpendicular  t o  the X a x i s .  A l l  the 
moments a r e  based on the wing mean chord and a r e  computed 
ahcut  a c e n t e r  of g r a v i t y  l o c a t e d  a t  27,2 gercen t  o f  
the mean aerodynamic chord and 5.1 inches  below bhe r o o t  
chord line. A l l  t e s t  r e s u l t s  a r e  corrected.  f o r  j e t -  
boundary and blocking e f f e c t s  b y  . t he  methods d iscussed  
i n  re ferences  2 and 3 .  The t e s k s  were made a t  a Mach 
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number o f  about 0 .1  and no attempt h a s  been made t o  
n r e d i c t  the  e f f e c t  of  high Mach numbers on these  r e s u l t s .  

Longi tudinal  S t a b i l i t p  ar,d Control  

E leva to r  e f f e c t i v e n e s s  and hinge moments.- The 
r e  sul t s  o m e  l e  va t o r  t e s t s7irE-ch--XoT7Zr3a ti ons of  
CL, Cm, and Che wi th  6, ( t a b  n e u t r a l )  f o r  the 
angles  o f  a t t a c k ,  f l a p  d e f l e c t i c n s ,  and engine-opera t ing  
condi t ions  t e s t e d  a re  glven i n  f f sure  10 .  For the same 
engine-operat ing condi t ions  and f l a p  d e f l e c t i o n s  the 
v a r i a t i o n s  o f  CD and C L  w.it ,h ,=ingle o f  a t t a c k  a t  
d i f f e r e n t  e l e v a t o r  s e t t i n g s  a r e  c resented  i n  f i g u r e  11. 
To a i d  i n  the  a n a l y s i s  of the t e s t  r e s u l t s ,  the  e l e v a t o r  
d a t a  have been c ross -p lo t t ed  ( f i g .  1 2 )  t o  show the 
v a r i a t i o n  o f  Cm wi.th C f o r  the engines  inope ra t ive  
and the r a t e d  t h r u s t  cond !? t i ons  with the f l a p s  r e t r a c t e d  
and d e f l e c t e d  45'. 
t a i l  removed are  shown i n  f igure  1 3 .  

The r e s u l t s  o f  t e s t s  made wi th  the 

To d.etermine the changes i n  e l e v a t o r  e f f e c t i v e n e s s  
due t o  v a r i a t i o n s  i n  engiiie o p r a t i o n ,  f l a p  l i e f ' l ~ c t i o n ,  
and angle of  a t t a c k ,  the s lopes o f  the pitching-moment 
curves  dCm/d6,, Teastired a t  Cm = 0, have been obtained 
and a r e  p l o t t e d  I n  f igure  14 as a f u n c t i o n  o f  angle o f  
a t t a c k .  %e s lones  . o f  the hninge-nol?ient curves  dChe/d6e, 
measured a t  6e = 0, a r e  a l s o  presented  i n  thi.3 f i g u r e ,  
These r e s u l t s  show t h a t  a change I n  a i r p l a n e  a t t i t u d . e ,  
f l a p  d e f l e c t i o n ,  and engine ope ra t ion  produce very small  
v a r i a t i o n s  i n  the cont ro l - sur face  e f f e c t i v e n e s s ,  The 
value of dCm/dGe, per  degree, decreases  s l i g h t l y  
from -0.0125 a t  an a o f  0' t o  -0.0115 at an a o f  15O. 
The f a i r f n g  of a s i n g l e  curve through a l l  values g ives  
a m a x i m u m  d e v i a t i o n  o f  o n l y  *0.0007 f r o m  the average 
value of dC,/d6, a t  any angle o f  a t t a c k .  The measured 
values  of (dChe/d6 ) 
a l l  the t e s t  condi t ions  do n o t  show q u i t e  s o  c o n s i s t e n t  
a t r end  a s  the Ditching-moment r e s u l t s ,  e s p e c i a l l y  i n  
the  lower angle-of -a t tack  range. The average value o f  
a l l  condi t ions  of engine operzt ion and f l a p  d e f l e c t i o n  
i s  about -0.0040 p e r  degree.  

=o, e be 
a t  each angle of  a t t a c k  f o r  

The r e s u l t s  of e l e v a t o r  t e s t s  made w i t h  the t a b  
d e f l e c t e d  f lOoat  angles  of a t t a c k  of 0 . lo  and 150 
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and with t'?e j e t  u n i t s  ope ra t ing  a t  the r a t e d - t h r u s t  
condi t ion a r e  given i n  figurw 15. A c0r;iparison of 
these  da ta  wi th  the tab-neucra l  r e s u l t s ,  which have 
bcen included i n  f i g u r e  1 0 ,  shows very small v a r r a t i o n  
i n  the s l o p e s  o f  the pS tching-moment and hinge-moment 
curves  due t o  t a b  d e f l e c t i o n .  The r a t i o  of  t a b  

about l,4 for the  two extreine angl-e-of-attack condi t ions .  

d e f l e c t i o n  t o  e l e v a t o r  d e f l e c t i o n  (6t/6e)C =o i s  
he 

Longitudinal s t a b i l i t y  arid con t ro l  s t i c k  f i x e d . -  
The l=gnu?nna 1 - s t a b  i 'L i t ~ a ~ a c o n F % ? c h a r a ? ~ ~ s ~ c  s 
o,f the  aS.rp1ane with the s t i c k  fi.i:ed ? o r  the condi t ions  
inves t fga t ed  a r e  skcwn by the v a r i a t i o n  o f  e l e v a t o r  
t r i m  ang1.e wi th  j i idicated a:rspeea i n  f i g u r e  16. With 
the  je t -propLlsion engines  :Inopei%tive the a i r p l a n e  i s  
s t a t i c a l l y  s t a b l e  ( f l a n s  up or down l c 5 O )  throughout 
the  speed range A n ~ 1 - i  c a t i o n  o f  j e t  Ini.opulsion decreased 
the mount  o f  e l e v a t o r  d e f l e c t i o n  reqixired t o  t r i m  the 
a i rp l ane  throughout the speed range. The s t a t i c  
l ong i  tiiclinal s t a S i l i t v  of the a'irnlane i s  decreased t o  
about n e u t r a l  f o r  the r a t e d - t h r u s t  flap-down (wave-off)  
condi t ion f n  the speerl range from about 100  t o  200 mi l e s  
nor h0v.r. For  the norr la l  loiv-thxwst 1mCirlg condl t i o n  
(engines  i d l i n g ,  f l a D s  down 4 - 5 O )  the r a t e  of change 
o f  6 with smed  inc7,icates s a t i s f a c t o r y  d i r e c t i o n  of 
e l eva to r -con t ro l  movt'men t for the 1 f n L  ted speed range: 
i n v e s t i g a t e d .  

It should be noted t h a t  these e l e v a t o r  t r i m  
v a r i a t i o n s  are nresented  f o r  the des ign  c e n t e r - o f - g r a v i t y  
loca t lon  27.2 Dercent mean aerodTynaqfc chord. The 
l o n g i t u d i n a l - s t a b i l i t y  c h a r a c t e r i s t L c s  of tk;e a i r p l a n e  
f o r  ai177 cen te r -o f -g rav i ty  l o c a t i o n  can be de te rnrned  
f rom the cuyves of f i g u r e  17. Each curve r e p r e s c n t s  
n o i n t s  of the  c e n t e r - o f - g r a v i t y  l o c a t i o n  a t  which the 
l o n g i t u d i n a l  s t a b i l i t y  i s  n e u t r a l  wi th  the  a i r p l a n e  
trimmed. As previous ly  discussec? froni the  curves o f  
f i g u r e  16 f o r  the des ign  cen te r -o f -g rav i ty  loca'cion 
o t  27.2 percent  mean aerodynamic chord, the a i r p l a n e  
w i l l  be about n e u t r a l l v  s t a b l e  for t he  wave-off f l i g h t  
condi t ion i n  the CL range f r o n  about 6 . 3  t o  1 . 0 ,  A 
very sniall s t a t i c  margin ( l e s s  than 1 p e r c e n t )  e x i s t s  
for the r a t e d - t h r u s t  f l a p - n e u t r a l  condi t i o n  a t  low 
l i f t  c o e f f i c i e n t s  ( h i g h  s p e e d s ) ,  For tke remainj-ng 
condi t ions  shown the re  a r e  g r e a t e r  p o s i t i v e  s t a t i c  
margins and, i n  general ,  the  n e u t r a l  n o i n t  ,no-Jes rearward 
a s  the  l i f t  c o e f f i c i e n t  i s  Increased .  
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Longitudinal  s t a b i l i t y -  and c-ontrpl ,  s t i c k  f r e e . -  
An k n m i o k - o f e  longi-%d-fi?af - 3 T a m T c f t h e  
a i r p l a n e  with the s t i c k  f r e e  ( t a b  n e u t r a l )  f o r  the 
cond-it ions t e s t e d  i s  siveri by. the v a r i a t i o n s  
of c with CL i n  f i g u r e  18, S t i c k - f r e e  

t h r u s t ,  
moment curve a t  the t r i m  l i f t  c o e f f i c i e n t  of 1.18. 
Although a t r i m  Doint is not shown f o r  the r a t e d - t h r u s t  
f l a p s - r e t r a c t e d  cond i t ion ,  s t i c k - f r e e  j r i s t a b i l i t y  i s  
i n d i c a t e d  a t  . l i f t  c o e f f i c i e n t s  g r e a t e r  than about 0.4 
f o r  t h i s  ca se .  For the remaining cond i t ions  te ' s ted ,  
i t  appears t h a t  the a i rp l ane  w i l l  be l o n g i t u d i n a l l y  
s t a b l e  wi th  the s t i c k  f r e e .  

The s t a b , i l i t y  of +,he a i rp l ane ,  s t i c k  f r e e ,  i s  a l s o  
given by the v a r i a t i o n s  of the ' s t ick-free n e u t r a l  p o i n t s  
w i t h  l i f t  c o e f f i c i e n t  i n  f igu re  20 showing a comparison 
of  the  engines  inope ra t ive  and the r a t e d - t h r u s t  condi- 
t i o n s  w i t h  the f l a p s  up and down 4 5 O .  In this  pres-  
e n t a t i o n  i t  was assumed t h a t , s i n c e  t h e r e  e x i s t s  very 
l i t t l e  change i n  the dynamic p res su re  a t  the t a l l ,  the  
e_"pectiveness of  the e l e v a t o r  t a b  shown f o r  the r a t e d -  
t h r u s t  case w i l l .  b4 s u b s t a n t i a l l y  the  same f o r  the 
remaining cond i ti  ons i n  ve s t i ga t e d  . A s  pre vi  o u s l  y 
i n d i c a t e d  i n  f i p r e  18 the a i r p l a n e  will be long i -  
tud ina l - lv  s t a b l e ,  s t i c k  f r e e ,  w i t h  the  engines  inop- 
e rGt ive  and for f l a p  d e f l e c t i o n s  o f  Oo and 4 5 O .  For 
r a t ed -  t h r u s  t oDe r a t  i on, w i t h  f l a g s  n e u t r a l ;  . s t i c k -  f r e e  
I n s t a b i l i t y  occurs between l if t  c o e f f i c i e n t s  of abouc 0.35 
and 0.95; f o r  r a t e d - t h r u s t  opera t ion  w i t h  t he  f l a p s  
d e f l e c t e d  450 the a i r n l a n e  will be uns t ab le ,  s t i c k  f r e e ,  
a t  l i f t  c o e f f i c i e n t s  g r e a t e r  than  about 0.8. It should 

a s s o c i a t e d  wi th  a l o s s  o f  s t i c k - f r e e  s t a b i l i t y  f o r  the 
case where the s t i c k - f r e e  n e u t r a l  po in t  5 s  forward o f  
the' s t i c k - f i x e d  n e u t r a l  point .  

shown fqr the wave-off cond i t ion  ( r a t e d  
6 = 4 5 O )  by  the p o s i t i v e  s lope  o f  the p i t ch ing -  

5e noted here  t h a t  the negat ive value o f  Ch, i s  

In o r d e r  t o  determine the cont ro l - force  charac- 
t e r i s t i c s  o f  tbe a i r p l a n e  the tab-neut ra l  hinge-moment 
r e s u l t s  have been ad jus t ed  so  t h a t  the  s t i c k  f o r c e  i s  
zero  a t  the  t r i m  meeds  l i s t e d  i n  the fo l lowing  t a b l e  
f o r  the  d i f f e r e n t  condi t ions.  
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* Blap 
F l l g h t  condi t ion Operating condi t ion  s e t t i n g  

S l i d e  Engines inone ra t ive  0 
Landing approach -s----a--do,------* 45 

Do,------- I d l i n g  t h r u s t  45 
Wave off liated t h r u s t  45 
C 1 i m b  _-------- do.------- 0 
C r u i  s e, Cru i s ing  t h r u s t  0 
High s,peed 9ated t h r u s t  0 

- 
Speed f o r  

t r i m  
. ve 1 o c i t y , 
.. (mplfi) 

150 
120 
120 
100 
230 
265 
3 15 

The r e s u l t i n g  s t i c k - f o r c e  v a r i a t i o n s  wi th  i n d i -  
ca t ed  a i r speed  f o r  these  cond i t ions  are given i n  
f i g u r e  2'0, These r e s u l t s  do n o t  inc lude  the e f f e c t s  
o f  f r i c t i o n  i n  the e l e v a t o r  control.  system. The s t eady  
f l i g h t  condi t ions  shown i n  f i g u r e  20 i n d i c a t e  s t a b l e  
s t i ck - fo rce  variations f o r  a l l  speeds above and below 
the t r i m  speeds f o r  the two l a d i n g ,  t he  g l i d i n g ,  and 
the c r u i s i n g  cond i t ions  descr ibed  i n  the above t a b l e .  
For the l a t t e r  condi t ion ,  however, w i t h  the a i r p l a n e  
trimmed f o r  Fe = 0 a t  265 mi l e s  pe r  hour,  the s t i c k  
f o r c e s  a re  r a p i d l y  dec reas ing  t o  zero again  i n  the 
range of  l o w  flight speeds.  For the t h r e e  r a t e d - t h r u s t  
condi t ions  'shown (6 f  = Oo and 4 5 O )  i n s t a b i l i t y  i s  
i nd ica t ed  by the two o r  more t r i m  s t i c k - f o r c e  speeds 
occurr ing  i n  the .speed range. For the  r a t e d - t h r u s t  
f l a p - r e t r a c t e d  condi t ion  w i t h  the  a i r p l a n e  trimmed 
a t  h igh  speeds (ove r  300 miles  pe r  h o u r ) ,  t he  con t ro l -  
fo rce  response w i l l  p robably  be s a t i s f a c t o r y  f o r  a 
reasonable range of speeds d e v i a t i n g  from the t r i m  
speed, A n  uns tab le  v a r i a t i o n  o f  s t i c k  fo rce  w i t h  
i nd ica t ed  airsDeed wi th in  the important speed range 
i s  ind ica t ed  f o r  the wave-off and climb cond i t ions .  

A few c a l c u l a t i o n s  were aade t o  determine the  
e f f e c t  o f  changes o f - - t h r u s t  and f l a p  d e f l e c t i o n  on 
the e l e v a t o r  s t i c k  f o r c e s ,  It was found t h a t  w i t h  
t he  tab  f i x e d  f o r  t r i m  a t  120 mi1e.s pe r  hour for the  
ze ro - th rus t ,  f l a p - d e f l e c t e d  condi t ion ,  the changes i n  
c o n t r o l  force  never  exceed the  3'j-pound l i m i t ,  accepted 
i n  the  A r m y  requirements,  when any combination o f  engine 
ooera t ion  o r  f l a p  d e f l e c t i o n  i s  suddenly app l i ed .  
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Addit ional  computations were made t o  e s t ima te  f o r  
s t e a d y  tu rn ing  f l i g h t  the v a r i a t i o n s  o f  s t i c k  fo rce  
and e l e v a t o r  d e f l e c t i o n  per g w i t h  c e n t e r - o f - g r a v i t y  
p o s i t i o n  f o r  s e a - l e v e l  oDeration. The r e s u l t s  i n  
f i g u r e  21 f o r  the engines- inoneratfve condi t ion  w i t h  
f l a p s  n e u t r a l  a r e  based on a maneuver which would 
devel03 th.e normal load f a c t o r  of 9 a t  a l i f t  c o e f f i -  
c i e n t  of 1.0.  The curve f o r  t h i s  cond i t ion  shows a 
change of 2.15 nounds Der  g f o r  a 1 percen t  center -of -  
g r a v i t y  s h i f t  and a maneuver p o i n t  o f  34.4 'percent  o f -  
t he  mean ae rodpamlc  chord. A t  the normal center-of-  
g r a v i t y  l o c a t i o n  a value of 15.5 9 o m d s  pe r  g i s  i n d i -  
ca ted .  
accepted for a f i g h t e r  a i rp l ane .  

This g rad ien t  i s  h i she r  than  t h a t  g e n e r a l l y  

Analysis of Exhaust-Jet E f f e c t  

In the a n a l y s i s  o f  the t e s t  d a t a ,  c e r t a i n  t r ends  
and c h a r a c t e r i s t i c s  o f  the r e s u l t s  i n d i c a t e d  t h a t  the 
j e t  a c t i o n  o f  the exhaust introduced d e s t a b i l i z i n g  
e f f e c t s  of the l o n g i t u d i n a l  s t a b i l i t y  o f  the a i r p l a n e .  
Some c o r r e l a t i o n  of the t e s t  r e s u l t s  has  been made i n  
o rde r  t o  determine the ex ten t  of the  j e t  e f f e c t  on 
the a i r  f l o w  a t  the t a i l  and the more s i g n i f i c a n t  
r e s u l t s  a r e  discussed i n  the fo l lowing  s e c t i o n s .  

e s p e c i a l l y  the  d a t a  i n  f igure  14 i n d i c a t e  t h a t  the 
e f ' fec t iveness  of the  e l eva to r ,  which i s  a d i r e c t  
measure of the d-cm,amic-nressure r a t i o  a t  the t a i l  
Dlane, i s  p r a c t i c a l l y  unchanged by a l a r g e  range of 
t h r u s t  cond i t ions  and f l a p  d e f l e c t i o n .  Since the 
r a t i o  qt/qO i s  s u b s t a n t i a l l y  unaf fec ted  by the  ,jet, 
i t  may t h e r e f o r e  be concluded t b a t  any change i n  
s t a b i l i t y  i s  caused e i t h e r  b y  the  t h r u s t  moment o f  
the j e t  o r  by  a c5ange i n  downwash a t  the t a i l .  

The r e s u l t s  shown i n  the foregoing s e c t i o n s  and 

The o v e r - a l l  change of  s t a b i l i t y  due t o  r a t ed -  
t h r u s t  ope ra t ion  (f la-os  up o r  down 45') i s  shown by 
the  s t i c k - f i x e d  neu t r a l -po in t  r e s u l t s  in f i g u r e  17. 
The forward s h i f t  i n  neu t r a l -po in t  l o c a t i o n  due t o  
r a t e d - t h r u s t  opera t ion  with f l a p s  r e t r a c t e d  i s  n e a r l y  
a cons tan t  value (about  7 percent  1G.A.C.) throughout 
t he  CL range. It i s  a l s o  shown tha t  w i t h  f l a p s  
de f l ec t ed  4.5' the  forward s h i f t  i s  approximately 
cons t an t  ( 7  percent  M.A.C. ) only t o  a CL of 
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about 0.7 and a t  l i f t  c o e f f i c i e n t s  g r s a t e r  tban 0.7 the 
d e s t a b l l j  z ing  e f f e c t  o f  the  j e t  i s  cons iderably  g r e a t e r .  

111 order t o  determ!ne aFproxlrna.tely the  r e l a t i v e  
c o n t r l b n t i  O i l  o f  the ti?rils t m o m n t  a n d  t h e  downwash 
angle  t o  the  total .  morner;t r e s u l t i n g  f r o m  r a t e d - t h r u s t  
engine o r i s r a t i o n ,  connoari S O ~ S  a r e  s h o w  o f  experimelital  
and tlreore t5. c a l  e s t i m t e d  iricrenients of '  pitching-moment 
coeff'ri.cien.l; o v e r  tk.e CL range *Ln figixre 22 .  . The 
est;-mated. t o t a l  Pncrements of pi tckiing zoaen t ,  which 
were ca lcu la ted  f x m  t h e o r e t i c a l  e s t i y a t e d  downwash 
angles  a t  the  t,sil T a r  a j e t  sov.rce l o c a t e d  a t  t he  
w5ng t r a i l i n g  e d g e ,  were Sage?. 071 an -Lmp:tbl'iskied 
t h e o m t i c a l  ma lys !  s. For the f l a y s - m t r a c t e d  cond i t ion  
t h e r e  5-s good agreement between the estimateG and 
experi.IIiental res:iits and f o r  t h i s  condit4 on it. i s  shown 
t h a t  about 7 0  percent  of t h e  t o t a l  change i n  s t a b i l i t y  
!.s caused bg the  t h r u s t  moment of  t he  j e t .  With the 
f l a p s  de f l ec t ed  4 5 O ,  however, tiiare i s  a marked inc rease  
o r  expe l -hen ta l  t o t a l  moment c o e f f i c i e n t  as compared t o  
the  es t imated  resul . ts  f o r  l i f t  c o e f f i c i e n t s  g r e a t e r  than  
about ~3.65 Since the  experLmenta1- thrust-moment 
increments a re  s u b s t a n t i a l l y  the same as the e s t ima ted  
thrust-moment r e s u l t s ,  the  l a r g e  change i n  the t o t a l  
increment f o r  th is  fla;?-deflected , cond i t ion  a t  h i g h -  
l f f t  c o e f f i c i e n t s  is a t t r i b u t e d  t o  a larger change i n  
downwash a t  the tal.1 than would be expecte?., For t h i s  
c&se I t  5 s  es t imated  t h a t  about 75 percent  of t he  t o t a l  
change i n  s t a b i l i t y  i s  caused b y  the t h r u s t  moment of 
the j e t  f o r  1 I . f t  coe.ffic:.ents up t o  about 0 .65 .  At 
g r e a t e r  l i f t  coef f ic l .en ts ,  c : ~  of  1.0, f o r  example, 
i t  i s  found that o n l y  about 21 percent  of the  t o t a l  
d g s t a b f l i z i n g  .rnoxent -is caused by th.e t h r u s t  a c t i o n  
o? the j e t .  

To suDDlement the foregoing  d i s c u s s i o n ,  t h e  
downwash angles  a t  the  t a i l  a r e  presentee  i n  f i g u r e  23 
t o  show the  e f f e c t  o f  r a t e d - t h r u s t  engine o m r a t i o n  f o r  
bo th  the f l a p - n e u t r a l  and f l ap -de f l ec t ed  cond i t ions .  
There i s  shown a marked d i f f e r e n c e  i n  the experimental  
and t h a o r e t i c a l  increments i n  downwash due t o  engine 
operat,fon with the  f l a p s  d e f l e c t e d ,  It i s  bc l ievcd  
tha t  nuch o f  t h i s  i nc rease  i n  downwash a t  the t a i l  
r e s u l t s  f r o , Y  a r educ t ion  of flow s e p a r a t i o n  a t  the  
nace l l e  f n l e t s  and a t  the  i%ing-nacel le  f i l l e t .  There 
1 s  a r e l a t i v e l y  l a r g e  d e s t a b i l i z i n g  s h i f t  i n  neutral 
p o l n t  d u e  t o  rate6.-thrust  oqera tson  for t h e  f l a p -  
d e f l e c t e d  cona l t ion  a t  hi&-lift c o e f c i c i e n t s ;  
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however, i t  should be not,ed t h a t  for the  engines-  
i nope ra t fve  cond t t ion  there is a l a r g a  degree of 
stability a2d a s  a rlesul-t ths  a i r p l a n e  i s  aboiit 
n e u t r a l l y  s t a b l e  f o r  the r a t c d - t h r u s t  f l a p - d e f l e c  ted 
cond i t ion  at low speeds.  

L a t e r a l  S t a b i l i t y  sild Control  
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Aerodynamic c h a r a c t e r i s t i c s  i n  yaw.- The r e s u l t s  
of t e s t s  made ? T € h t h e a 3 = E n e  i n  yaw, the l and ing  
f l a p s  r e t r a c t e d  and de f i ec t ed  45O and wi th  the engines  
inope ra t ive  a re  g i v e n . i n  f Q u r e  2c. These r e s u l t s  show 
t7?e Va??2at..iOnS o f  C,, . C y ,  CZ, and Ch, w i th  6, 
f o r  an&-es of 7Taw o f  go,  3', 6', 9 O ,  and 10.6~. Simi la r  
r e s u l t s  a r e  given i n  f'igi.ire 25 f o r  an angle  o f  a t t a c k  
o f  3 . 9 O  wi th  the engines  oper3ti i ig a t  the r a t e d - t h r u s t  
cond t t ion  ( T c l  = 0.09) and wi th  t h e  l and ing  f l a p s  
r e t r a c t e d .  Tl?e aerodynamic characteristics of  the 
aFrplane a t  zero  .raw wi th .  o n l y  the l e f t  engine ope ra t ing  
a r e  shown i n  f i g u r e  26 .  . 

In  o rde r  t o  de t e rn ine  the  e f f e c t s  o f  angle o f  yaw, 
angle  o f  a t t a c k ,  f l a p  d e f l e c t i o n ,  a rd  r a t e d - t h r u s t  engine 
o n e r a t i o n  on the  rudder  c h a r a c t e r i s t i c s ,  the s lopes  o f  
t h e  curvea of' Cn, C y ,  C z ,  and Ch, a g a i n s t  8,, 
neusured a t  6, = 0, a r e  presented i n  f i g u r e  27. It 
i s  seen t h a t  w i t h i n  the ranges t e s t e d  the  e f f e c t s  of 
the  cor ,di t ions mentioned above on -the s lopes  of these  
cuyves a re  n e g l i g i b l e  although the re  i s  a small  degree 
o f  v a r i a t i o n  i n  the values o f  dCh,/db,. The average 
values  o f  the slorses dC,/dG,, dCy/dG,, dCL/dGp, 
and dChr/d6, f o r  the  condi t ions  t e s t e d  a r e  aDproxi- 
mately -0.0007, 0.0015, 0,0001, aad -0.0125 pe r  degree,  
r e s p e c t i v e l y .  *-e r e s u l t s  shown f o r  the  engine-opera t ing  
cond i t ion  i n d i c a t e  t y a t  the  e f f e c t  o f  the exhaust  j e t  
on the rudder e f f e c t i v e n e s s  i s  n e g l f g t b l e .  

The rudder -s f fec t iveness  d.ata of f i g u r e s  24 and 25 
have been cross -Dlot ted  f o r  6p = 0 t o  S ~ O V J  the  e f f e c t s  
of  yaw on the aerodynamic c 5 a r a c t e r f s t i c s  of  the a i rp l ane  
and these r e s u l t s  a r e - g i v e n  i n  f i g u r e  28. The d i rec t iona l -  
s t a b l l i t y  3 a r a n e t e r  dC,/d$, measured between @ = 00 
snd l oo ,  i s  about -0.0910 D e r  dey?ee for the enqines-  
i none ra t fve  f l aps - r e t r ac t ed  cond-ltion a t  an a o f  - 0 . 5 O .  



For t he  en~- ines - inope rP t ive  f 13ps-deflectod cond i t ion  a t  
nn a of' 4 .'.7o t he  directional s t .nb j . l j  t y  o f  the  airg1.sne 
w i l l  be loa; dC,/&$ I s  ?educed to approxfn:atel.y zero a t  

dr "Y /d'.!: ~ 5 t h  t h e  enTfnes Pnoperatj.ve i s  decreased about 
o n ~ - k i F l f  f1.om a vel-ue of 0.0055 pel. degree a t  an a of  
-0.5' (flaps r e t r a c t e d )  t o  about 0.9025 ;ier degree a t  an 
a of 11.80 ( f l a p s  $eflectkd. 45"). The d i h e d r a l  e f f e c t  
dr: /d$ shows an inci-ease with f l a p  d e f l e c t i o n  f rom 
O.SOl0 per  degree f o r  t h e  e n ~ i n e s - f n o p e r a ~ i v e  f i s p s -  
r e t r a c t c d  cond i t ion  a t  a = -3.50 t o  a;Jproximately 0.0017 
f o r  t h e  en~;irias - in .oyera. t im f I sgs-&Plsc ted  
a = 5.7O. F o r  the l a t t g r  cond l t ion ,  t h i s  value corresponds 
t o  an e f f e c t i v e  dihociral a r ! ~ l $  o f  about 7 . 5 O .  It should 
be noted tl-irt z t  a n  anglz  of  a t t a c k  o f  about 5.70, w i t h  
the encines i n o p e r a t i v e  m d .  w i t h  flaps d e f l e c t e d  1+5O, 8. 

conditic?r! o f  l a t e p a l - o s c i l i s t o r y  i n s t a b i l i t y  moy occur  
s fnce  the ve lue  f o r  dCz/dlif (0.0017) i s  cons iderzbly  
gr.3 a t e r  t hm t h a t  f o r  dCn/d$ ( aj?:>ro;:irnate 1.y zero) f o r  
anqles  of  yaw betwaon 20 and B o .  

' ,ul,yles or" y a w  betwaen 20 and eo.  T h e  l a - t e r a l - f o r c e  e f f e c t  

con.dit ion a t  

Tha values  cf' dCn/d\Lr, dCz/d$, and dCv/d\l, for 
t h e  enz ine-onera t ive  cond i t ion  t s s t o d  a m  -0,0012, 
0.002635, and 0.0060,  respsct ivY1y9 2~2.: c O J R ~ ~ P ~ ~  t o  ths 
values -O.COOq, O.OO&,  and 0.0050 . ? o r a  th;: ensLnes- 
inopGrative conciition o t  the  s m 4  am,;I.e of a t t a c k  of  5.9 . 
Althou6;li the  ops ra t ion  of tiis j e t  uriits ?.t ratzd.-thru.st  
in f luences .  t h e  dih2:d:.al  e f f e c t  t o  a Icr+gz.r  e x t e n t  then  
e f t h e r  t he  d i r e c t i o n s 1  stability o r  t h e  l c t e r n l - f o r c e  
e f  f 2 c t ,  there a r c  n o t  suf'ficient engines-o::.jcrat,tve 
t e s t  r e s u l t s  f r o m  which t o  d r m  my ds f  i r i i t e  conclusj-ocs 
a s  t o  t h s  e f f e c t s  of  t h e  j c t  on thhzse p a r 2 m e t a r s .  

0 

The resu l . t s  of f i g u r e  29 i n d i c a t e  t h a t  t h e  longi- 
t u d i n a l  t r i m  changes due t o  yaw will be neg11,giible f o r  
ymi a r y l e s  up t o  a t  l e a s t  100. ' ihere i s  sone evidence 
thst th3 >fiing may 'begin Lo s t a l l  f o r  yaw angles  g r a ? t e r  
t h m  l G o  wi th  the  g i r p l x i e  i n  the  l,.iii(!.ing c t t i t u d e  
( a  = 11.So, b P  =I 45") and wi th  t h e  e n g h e s  i n o 2 e r z t i v e .  

chai2acterfs t ics  of the s i r p l s n e  i n  ysw were obta ined  by 
c r o s s - p l o t t i n g  for Cn = 0 
and 25, The v a r i a t i o n s  of' ruddep d e f l e c t i o r ,  for trin? 
1 v i t h  ang le  of j rEiW f o r  the cond i t ions  t e s t e d  a r e  showri 
i n  f i g u r e  30. The r u d d e r  def l ac t , i ons  ape conserva t ive  

Rudder-control ch . a rnc te r f s t f c s  --- . - The ruddeia-control 
__I_. _- 

t h e  t e s t  r e s u l t s  o f  f i g u r e s  24 
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sincg the e f f e c t s  o f  a i l e r o n  c o n t r o l ,  which would tend 
t o  decrease t h e  arnoimt of rudder requi red  f o r  t r i m  i n  
vaw, a r e  n o t  :ncluded. These curves of rudder  de f l ec -  
t i o n  for t r i m  a g a i n s t  angle o f  yaw show s t a b l e  v a r i a t i o n s  
f o r  a l l  condi t ions  t e s t e d  although. t h e r e  i s  i n d i c a t e d  
a marked reduct ion  !n d l r e 5 t i o n a l  s t a b i l i t y  a s  t he  
angle  of' a t t a c k  i s  decreased and t h e  f l a p s  a r e  
d e f l e c t e d  k 5 O .  K i t h  the  ens ines  i n o p e r a t i v e ,  t he  
rudder  d e f l e c t i o n  requi red  t o  trim the  a t r p l a n e  a t  
$ = 10' i s  reducee from about 1.5' a t  an a o f  -0.5' 
w i t h  tke  f laps  r e t r a c t e d  t o  about 5 . 5 O  a t  an a 
o f  5 . 7 O  wi th  the fla;ns de f l ec t ed  45'3. For  t h i s  l a t t e r  
cond i t ion  i t  w i l l  be no t iced  t h a t  the change i n  rudder 
d e f l e c t i o n  for t r i m  wi th  angle o f  yaw 1s ver small  
w i th in  the  yaw-angle range from ayovt 3' t o  io. 
e f f e c t  of r a t e d - t h r u s t  engine ope ra t ion  a t  an angle 
o f  a t t a c k  o f  3 . 9 O  w i t h  the f l a p s  r e t r a c t e d  i s  t o  
i n c r e a s e  s l i g h t l y  the  t r i m  rudder s e t t i n g s  f o r  a given 
angle o f  yaw. With the a i m l a n e  i n  a high-speed 
condi t ion,  with only one engine ope ra t ing  a t  r a t e d  t h r u s t ,  
a very small rudder d e f l e c t i o n  w i l l  t r i m  ou t  the yawing 
moment Droduced b y 7  the s ing le  j e t ,  However, w i t h  the  
a i m l a n e  i n  low-speed f l i g h t  and wi th  one engine 
develooing r a t e d  t h r u s t ,  the unbalanced yawing moment 
due t o  the s i n g l e  j e t  i s  e s t i n a t e d  t o  be cons ide rab ly  
g r e a t e r ,  A t  a f l i z h t  sDeed o f  100 mi l e s  n e r  hour ,  
f o r  examde,  a rudder d e f l e c t i o n  of  about 10' w i l l  be 
r equ i r ed  t o  t r i m  o- l t  the  r e s u l t i n g  yawing vonent 
(Cn = 0.006).  %e nedal  force for t h i s  cond i t ion  i s  
e s t ima ted  t o  be a'-,out 3 0  Dounds. 

The 

In o rde r  t o  show the rudder-free c h a r a c t e r i s t i c s  
o f  the a i r p l a n e ,  the t e s t  da ta  have been c ross -p lo t t ed  
t o  ob ta tn  the  v a r i a t i o n  of Cn(chr=o) wi th  angle  o f  yaw 

and the  r e s u l t s  a r e  given i n  f i g u r e  31. A l l  these  
curves show s t a S l e  rudder-free c h a r a c t e r i s t i c s .  It 
may a l s o  be deduced from f igu re  31 t h a t  a t  l e a s t  f o r  
t he  l i n i t e d  yaw range t e s t e d  s t a b l e  rudder-pedal 
rnovernents w i l l  be requi red  t o  t r i m  ou t  t he  a i r p l a n e  
yawing moments. 

The v a r l a t i o n  o f  rudder-pedal force  wi th  angle 
of yaw for the condi t ions  t e s t e d  a r e  given i n  f i g u r e  32 
f o r  a speed range f rom about 97 t o  180 miles  per  hour.  
A s  e r e v i o u s l y  d iscussed ,  s t a b l e  pedal-force v a r i a t i o n s  
w i t h  yaw a r e  shown by increased rudder-pedal  f o r c e s  
a s  t he  yaw angle is  increased.  It should be noted t h a t  
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h igh  fo rces  a re  requi red  f o r  t r i m  a t  10' yaw (about  
195 p o u n d s )  a t  a f l i g h t  sneed of 180 mi les  Der hour 
wi th  engines inopera t ivg  o r  o p e r a t i n g  a t  r a t e d  t h r u s t  
( f l a p s  n e u t r a l ) .  A?pl icat ion of r a t e d  t h r u s t  f o r  t h e  
f l a p - n e u t r a l  condi t ion  a t  180 miles  pe r  hour r e s u l t s  
i n  only minor chmges  i n  t h e  v a r i a t i o n  o f  rudder  fo rce  
w i t h  yaw. A s  the  speed of the a i r p l a n e  i s  reduced 
t o  about 100 m i l e s  p e r  hour f o r  t h e  engines- inopera t ive  
f l a p s - d e f l e c t e d  condi t ion  the pedal  f o r c e  i s  reduced 
t o  about 40 pounds wi th  the  a i r p l a n e  yawed loo. 

These r e s u l t s  show a d e f i n i t e  tendency f o r  Door 
l a t e r a l  s t a b i l i t y  and c o n t r o l  with the a i r p l a n e  I n  a 
moderate s i d e s l i p  and a t  l i f t  c o e f f i c i e n t s  i n  the 
neighborhood o f  0.8 with the  engines  inope ra t ive  and 
landing  f l a p s  d e f l e c t e d  4 5 O .  A t  l i f t  c o e f f i c i e n t s  
g r e a t e r  than 0.8, however, the d i r e c t i o n a l  s t a b i l i t y  
( rudder  f i x e d  and rudder f r e e )  i s  increased  somewhat 
and s h o d d  r e s u l t  i n  some imarovement f n  d i r e c t i o n a l  
con t ro l  for an engines- inopera t ive  landing .  The d a t a  
a r e  not  s u f f i c i e n t l y  complete t o  a f f o r d  an e s t ima te  
o f  the e f f e c t  of engine ope ra t ion  on the d i r e c t i o n a l  
con t ro l  a l though the re  i s  some i n d j c a t i o n  o f  a 
s t a b i l i z i n g  inf luence  due t o  engine one ra t ion .  

Aile ron e f f e c t  i vene s s and c.oontrol charac t e r i  s t i c s . - 
The e f f e c t s  of afIero@ 
yawing and r o l l i n g  moments a r e  shown i n  f i g u r e  33 f o r  
a range o f  angles  of a t t a c k  and f o r  f l a p  def lect ions 
of 0' and 45'. The e f f e c t i v e n e s s  of t h e  a i l e r o n s  
dC Z m a L  9 measured a t  6aL = go, i s  p r a c t i c a l l y  
unchanged over the  l a r g e  range of angles  of a t t a c k  
and the two f l a p  d e f l e c t i o n s  t e s t e d .  W T t h  the f l a a s  
i n  n e u t r a l ,  dCZ/dQaL a t  a = - 0 . 5 O  i s  about 
0.0015 per  degree and decreases  s l i g h t l y  t o  about 
0.0013 pe r  degree a t  an a of  13.4'. The values 
of dCz/dBaL w i t h  the f l a p s  d e f l e c t e d  4 5 O  may be 
considered the sane a s  ?or  the f l a p s - n e u t r a l  t e s t  
reslxlts.  The r a t e  of  change of yawing-moment c o e f f i c i e n t  
wi th  a i l e r o n  d e f l e c t i o n  f o r  the  f l a p s - n e u t r a l  cond i t ion  
inc reases  wi th  i n c r e a s i n g  angle of a t t a c k ;  such t h a t ,  
the  adverse yawing-moment CoefficZent due t o  f u l l -  
a i l e r o n  d e f l e c t i o n  ( A 6 ,  = 3 0 0 )  i s  0.001 a t  a = - 0 . 5 O  
and i s  0.011 a t  a = 13.4'. Tne adverse yawing-moment 
coeff ic j -ent  due t o  t o t a l  a i l e r o n  d e f l e c t i o n  w i t h  the  
f l a p s  d e f l e c t e d  45' i s  0.004 a t  a = 3 . 2 O  and i s  0.009 
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a t  a = 12.7:. For tks f l ans -de f l ec t ed  cond i t lon  
a t  a = 7-2.7 ( 0 5  niiles ner hour)  a ru?.der 4 e f l e c t i m  
of 15' wo.ild >e neqessa-y t o  t r i m  ou t  the  adv5rse vawinz- 
Yment  coe f f  j. c: e n t  r e  s u l  t 4ny froin Pi l l -a i  l e  ron Zef l e  c t i o n  e 

Although hinge-moment ,data a r e  p o t  a v a i l a b l e ,  a 
few of' 3he l a t e r a l - c o n t r o l  c h a r z c t e r l s t l c s  of the 
a i r p l s n e  ca1i be eva lua ted  from these  a i l e r o n -  
e f f e c t i v e n e s s  t e s t s .  The con t ro l  e f f e c t i v e n e s s  of 
the a i l e r o n s  can be giver, i n  t e r n s  o f  t h e  h e l i x  
angle gelzeratod ?y t h e  wing ty pb//2V f o r  ar~y a i l e r o n  
d e f l e c t i o n .  The vaf-ue o f  gb, 2V based on the t o t a l  
measured r o l l i n g  xoxent developed by maxin-i, a i l e r o n  
d . e f l s c t ion  4 s  c a l c u l a t e d  t o  be aboilt i=;.065 for the  

and 0.057 f o r  the landing cond i t ion  ( a  = 12.7 , 6f = 45"). 
The f a c t o r  of 0.8 whlch approximates the e f f e c t s  of 
adverse p w  a t  low 'speeds m d  c o m p r e s s i b i l i t y  snd wing 
t w i s t  a t  high sDeeds has beei- q p l l e d  t o  the  wind-tunnel 
r z s u l t s .  It sholild be noted t h a t  t hese  values  of pb/2V 
are cons iderably  lower th.an the  m i n i m u m  Army requirement 
of 0.09. 
v e l o c i t y  6evelooed by f u l l - a i l e r o n  d e f l e c t i o n  a t  an 
i n d i c a t e d  a i r sneed  of 300 n i l e s  pe r  hour i s  anproxi- 
ma te ly  73' pe r  second a t  sea l e v e l ,  provided the 
of 0.066 i s  a t t a ina .b l e  a t  t h a t  speed for a l i m i t i n g  
s t i c k - f o r c e  requirement of 50 pounds. 

hi&-speed f l zzh t  condi t ion  ( a  = -0.5 0 , 6f = o O o )  

It i s  es t imated  t h a t  the naxinum r o l l i n g  

pb/2V 

2312 ..?ore i z p o r t a n t  i n f o r n a t i o n  r e l a t i v e  t o  the  
stat:c s t a S i l i t y  aqd con t ro l  c h a r a c t s r f s t i c s  of t he  
Re11 P - 5 9 A  a i m l a n e  a s  deterrnined from f u l l - s c a l e  
tunlie1 t e s t s  a r e  suyxarized a s  fo l lows:  

1. ';Yitl-! tke c e n t e r  of g r a v f t y  l o c a t e d  a t  27.2 per-  
c e n t  nean aerodpamLc chord, t h e  a i r p l a n e  e x h i b i t s  
n e u t r a l  l o n g i t u d i n a l  s t a S i l i t 7  ( s t i c k  f i x e d ) ,  f o r  
r a t e d - t h r b s t  low-sneed f l i g h t  w i t h  l anding  f l a p s  
d e f l e c t e d  45O and r a t e d - t h r u s t  high speed with f l a p s  
n e u t r a l .  For a l l  otlrier condi t ions  tested the  a i r p l a n e  
i s  l o n g i t u d l n a l l y  s t a b l e  for this  n o r x a l  cen ter -of -  
gravity l o c a t i o n .  

2. S t ab le  s t i c k - f o r c e  v a r i a t i o n s  with speec! occur 
f o r  the  engines-inoDerative ( f l a p s  r e t r a c t e d  and 
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def l ec t ed  4 5 O ) ,  idli-rip-thi'iist ( f l s ? ~  cieflected 45O), 2nd 
cru.li.sir~:-.thrus1; ( f l g p s  r e t r a . c t a d )  concLitiorls w l . t h  the  
e i r p l m a  i ; r immeci  fop glide, l,an.d-?.ng, and C r u i s i n g  speeds,  
respec t ive l .y ,  a t ,  s e a  l e v e l .  The air?;?J.ane w i l l  be m-ista.ble, 
s t i c k  free, for re ted-thr iJs t  o l3era t ion  6f  = O o  be-Liveen 
l i f t  c o e f f i c i e n t s  of about 0.35 t o  0.95 and for r a t e d -  
tkIruyi1; o.:t:iactiori bf = 4.50 a t  l i f t  coe f f i c i . en t s  g rea - t e r  
tha1 0.8. 

3 .  With tire f l a 7 s  r e t r x t e i i ,  the1.e is about a 7 p e r -  
cen'; sverage f'orwt;rd shift i n  t h e  s t i c k - f i x e d  n e u t r a l  
p o i n t  duc: t o  rRted-t!!.rmt engine cp?srstion over  t h e  
C L  rnnty?. O f  t h i s  cot21 ch8.ngs Pn s t z b i l i t y  about 
70 p e - r c e n t  i.s caused by t b  t h r u s t  monent of  the j e t  
a'coat the c e n t e r  of g r s v i t y  of the a i rp l ane .  The remainder 
i s  a t t r i b u t e d  t o  the i r?f low of t h e  z l r  a t  the t a i l  due 
t o  t h e  ac t ion  of the j e t .  
thoi-e i s  ap::,roximFtely 8 s o n s t e n t  5 p e r c e n t  f o r t v w d  s h i f t  
of' t h e  n e u t r e l  pci .nt  due t o  r z t c d  t h r u s t  ope ra t ion  up t o  
a CL of c?.bou-t G.7. A t  a CL o f  1.0 f o r  t h i s  cond i t ion  
i t  i s  estinia.ted t h a t  on ly  21 p e r c e n t  o f  t h e  t o t a l  
d c s t n b i l i z i n g  moment i s  caused by tile t h r u s t  moment of 
the j e t .  The  remainder i s  be l i evcd  t o  r e s u l t  from an 
incrarcsed  angle of' doTimwash e t  t h e  t a l l  due t o  the 
reduct ion  o f  f l o w  s e p e r a t i o n  around t h e  n a c e l l a s .  

4. The dynamic p re s su re  ratio a t  the t a i l  i s  

With th6 f l z p s  d e f l e c t e d  45O 

ccns idered  subs  t s n t i a l l y  unaf f ' ec t2d  by t h e  Rctior?. of 
t he  jet 01- by f l a p  d e f l e c t i o n .  

5. For the normal czn te r -o f -q?sv l tg  1oc::tiori thn, - 
vclue  of 15.5 nounds p e r  3 i s  considc2rcd t o  be a high 
sticlc-force va- ic t ion  for s a s - l e v e l  f l i g h t .  

6 .  Cn t he  b a s i s  of' t e s t  x*ssu l t s ,  t h e  d i r e c t i o n a l  
s t e b i l f t y  o f  t he  n i r p l n n e  fora some f l i g h t  cond i t ions  is 
considered low. The s l o p e  ox' t he  yawing-rnoment c o e f f i c i e n t  
C U Y V ~  
c'cndition a t  low angles of' at t2,ck i s  about -0.0910 pe r  
dogree  end i s  dccroascd t o  nbout -0.OOO5 a t  an a of 11.8@. 
At-an snglo of a t t a c k  of 5.7O, with t he  engines  i n o p e r a t i v e  
'and f l a p s .  d e f l e c t e d  450, the dCfi/cl$ i s  about z3ro i n  
the yam-angle z -aqe  f r o m  2 O  t o  3". 

b r f ' 3 ~ t  dCb/d* i n c r e a s e s  'ram 0.0010 p e r  degree w i t h  

dp /a$ Vn f o r  t h e  e n ~ i n e s - i n o p ~ r ~ ~ , t i v a  f l a p s  - r e  t r a c t  e d 

7 .  With thi: engines i n o p c r a t i v z ,  the d ihedrE l  



153 No. . ~ 5 ~ 1 8  21 

f l a p s  r e t r a c t e d  a t  an a of -0.5' t o  about 0.0017 w i t h  
f l a n s ' d e f l e c t e d  4 5 O  a t  an a o f  5.7'. It i s  poss ib l e  
t h a t  a t  an angle of a t t a c k  of 5.70 ( C , =  0 . 8 ) ,  w i t h  the  
e r q i n e s  inope ra t lve  and flaDs d e f l e c t e d  4 5 O ,  the  a i rp l ane  
may r e v e r t  t o  a coliclition of l a t e r a l  o s c i l . l a t o r y  
l n s t a b i l f t g  s ince  the e f f e c t i v e  d i h e d r a l  i s  h igh ,  
whereas, the d i r e c t i o n a l  s t a b i l i t y  i s  about n e u t r a l .  

wi th  yaw a r e  s t a b l e  f o r  a l l  conditi .ons t e s t e d .  
8. The var ia t iof i s  o f  rudder-pedal force  f o r  t r i m  

T. The a i l e r o n s ,  a s  t e s t ed ,  have low-control  
e f f e c t i v e n e s s ;  the pb/2V values o f  0.066 and 0.057 
a r e  es t imated  f o r  the high-speed and landing  condi t ions ,  
r e  spe c t i ve 1 y . I 

Langley Memori a1 Aeronautical  Laboratory 
Nat ional  Advisory CoLmittee f o r  Aeronautics 

Langley F ie ld ,  Va., January 18, 19145 
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Section A-A 

figure J.-Sketch of tbe modfled rudder wifh the freiling- ~ 

edge beads insfolleu! 
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